The purpose of this study was to evaluate the long-term clinical and radiographic outcomes of posterolateral lumbar fusion for lumbar stenosis cases requiring bilateral facetectomy in conjunction with a laminectomy. The authors evaluated 34 consecutive patients who had undergone a lumbar laminectomy, bilateral partial facetectomy, and posterolateral fusion at a single institution between 1981 and 1996. They included 25 men and 9 women with a mean age of 42 years (range, 27-57 years). Twenty-three cases were instrumented and 11 were noninstrumented. Mean follow-up was 21 years (range, 15-29 years). Outcomes evaluated included reoperation rate, clinical outcomes evaluated by the Oswestry Disability Index (ODI) score, radiographic evaluations of adjacent segmental degeneration (ASD) and lumbar lordosis, and contributing demographic factors to disease progression. At final follow-up, 17 of the 34 patients had undergone reoperation (43% of the instrumented group and 64% of the noninstrumented group). There were no differences in the reoperation rate or ODI improvement between the instrumented and noninstrumented groups (P>.05). Female patients required more revisions, had less ODI improvement, had greater postoperative ASD, and had less maintenance of their postoperative lumbar lordosis. There was no difference in maintenance of postoperative lumbar lordosis or ASD between the instrumented and noninstrumented groups. Instrumentation did not improve revision rates, clinical outcomes, or radiographic outcomes in laminectomies requiring contemporaneous facetectomies. [Orthopedics. 2015; 38(12) Medicine, St Joseph's Regional Medical Center, Paterson, New Jersey. Dr Pourtaheri, Dr Billings, Dr Bogatch, Dr Issa, Dr Haraszti, Mr Mangel, Dr Lord, Dr Park, Dr Ajiboye, and 1-3 Although direct or indirect decompression of the neural elements remains the mainstay of treatment, a wide facetectomy is often needed in cases where lumbar stenosis is a result of significant facet hypertrophy.
T he surgical treatment of low back pain and sciatica has undergone marked changes as the etiology of this disease has been better evaluated. An emphasis on surgery for nerve root compression by disk sequestration popularized by Mixter and Barr in 1934 has introduced a broader concept of pain generation encompassing treatment of associated spinal abnormalities that contribute to chronic lower back and leg pain. [1] [2] [3] Although direct or indirect decompression of the neural elements remains the mainstay of treatment, a wide facetectomy is often needed in cases where lumbar stenosis is a result of significant facet hypertrophy. [1] [2] [3] In these scenarios, what is the method of choice for an arthrodesis?
With iatrogenic instability from a wide decompression, is instrumentation costeffective, and who is the ideal candidate for it? [4] [5] [6] There is limited literature on this topic. [1] [2] [3] 7, 8 Instrumented lumbar fusions have become popular; however, they come with their own complications. [1] [2] [3] 7, 8 The current authors' purpose was to evaluate the surgical procedures commonly used in the past decades to achieve lumbar fusion in cases requiring a wide laminectomy and bilateral partial facetectomy. Specifically, they assessed (1) reoperation rate; (2) clinical outcomes evaluated by the Oswestry Disability Index (ODI) score; (3) radiographic evaluations of adjacent segmental degeneration (ASD) and contributing demographic factors to disease progression; and (4) radiographic evaluations of lumbar lordosis.
Materials and Methods
The authors evaluated all patients who had undergone a wide lumbar laminectomy, bilateral partial facetectomy (more than 50%), and posterolateral arthrodesis for degenerative lumbar stenosis between 1981 and 1996 with a minimum 15-year follow-up. The only indication for surgery was symptomatic degenerative lumbar stenosis. All procedures were performed at a single institution by the senior author (C.B.), who is an experienced spine surgeon. Exclusion criteria were spondylolisthesis, scoliosis, moderate or severe flatback (less than 30° of preoperative lumbar lordosis), fractures, tumors, cases with a concomitant anterior procedure, or less than a minimum 15-year follow-up. The reason for the chosen minimum follow-up inclusion criteria was two-fold. Evaluation of long-term outcomes was a goal of the study; furthermore, noninstrumented fusions were an older surgical technique, and the authors had attempted to control for the length of follow-up between the instrumented and noninstrumented cohorts and to minimize biases. Appropriate institutional review board approval was obtained for the study.
The patients included 25 men and 9 women with a mean age of 42 years (range, 27-57 years) at the time of the surgery. They were followed for a mean of 21 years (range, 15-27 years). Noninstrumented cases had a longer mean follow-up period of 25 years, compared with 19 years in the instrumented cohort. Noninstrumented cases were performed from 1981 to 1989, compared with the instrumented cases, which were performed from 1988 to 1996. No patient was lost to follow-up. Only 2 patients had a previous spine fusion. All patients had neurogenic claudication with varying degrees of back pain. In most cases, the neurogenic claudication and leg pain were more symptomatic than the back pain. Hospital records, radiographs, and office charts were reviewed. Specifically, postoperative lumbar lordosis and ASD were examined. Furthermore, the effects of demographic factors such as age and sex were included in the analysis of results.
All fusions involved decortication of the transverse processes and autograft use (local and iliac crest). All cases used only local autograft bone from the laminectomy and facetectomy. No allograft bone was used. Eleven patients were fused without the addition of instrumentation. Twentythree patients had an arthrodesis that was instrumented. The instrumentation constructs included pedicle screws with AO plates. All fusions except one were over 2 or more levels, and all except 3 extended to the first sacral vertebra. The postoperative regimen was the same for all patients, which included the use of a lumbar chair back brace for a total of 3 days.
All radiographic evaluations were anteroposterior (AP) and lateral standing radiographs by the senior author (C.B.). Lordosis was measured from the superior endplates of L1 to S1. 9, 10 The initial postoperative follow-up images were evaluated for lordosis and compared with the most recent follow-up radiographs.
An analysis of ASD was performed at the most recent follow-up. A scoring system was devised that incorporated the main features of ASD by classifying them into degrees of severity ranging from grade 1 through grade 3. Grade 1 represented slight or no ASD and was qualified by the absence of spondylolisthesis greater than 4 mm, no angulation greater than 10°, no additional surgeries at that level, and less than 50% loss of disk height as compared with the earlier radiographs. Grade 2 was characterized by between 50% and 75% loss of disk height and absence of the factors mentioned above. Grade 3 represented severe ASD and was characterized by the presence of any of the following: greater than 75% loss of disk height, spondylolisthesis greater than 4 mm, or angulation greater than 10°. The presence of a subsequent surgery extending the fusion to that affected level was also considered to be grade 3 ASD. The first cranial segment (first adjacent segment) and the second cranial segment (second adjacent segment) were scored separately.
In all patients, radiographic outcomes were also correlated to ASD by grouping them into 1 of 4 categories as follows: patients with grade 1 (mild or none) ASD at both adjacent segments were characterized as having an excellent radiographic result. Those with a maximum grade of 2 (mild) at either or both of the adjacent segments were classified as having a good result. Patients who had 1 adjacent segment with severe grade 3 involvements were considered to have a fair result, and patients with severe ASD at both levels were classified as having a poor result.
All data were recorded using an Excel spreadsheet (Microsoft Corporation, Redmond, Washington). Statistical data analysis was performed using Fisher's exact test, paired Student's t test, and odds ratios (ORs) to evaluate reoperation rates, ODI scores, and radiographic outcomes between instrumented and noninstrumented groups. A P value less than .05 was used as a threshold for significance.
results
At final follow-up, 17 (50%) of the 34 patients had undergone either a revision or an extension of their fusion with an overall mean of 1 reoperation (range, 1-3) after the index procedure. This included 7 (64%) reoperations in the noninstrumented group and 10 (43%) reoperations in the instrumented group (P=.46). To further evaluate the follow-up adjusted outcomes, the authors performed a Kaplan-Meier analysis, which showed no significant differences in failures defined by reoperations between the 2 groups (P=.32) (Figure) ; however, with larger sample sizes, this difference may trend toward or become different. The underlying reasons for reoperation in the noninstrumented group were symptomatic pseudoarthrosis (n=5) and symptomatic ASD (n=2); in the instrumented group, 4 reoperations were due to symptomatic pseudoarthrosis and 6 were due to symptomatic ASD ( Table 1 ). All reoperations occurred within 15 years of the index surgery. All patients were ambulatory at the most recent follow-up. When outcomes were stratified by sex, a greater number of women (7 of 9) required reoperation compared with men (10 of 25), and this trended toward significance (OR, 5.25; 95% confidence interval [CI], 0.9-30.6; P=.06).
Overall, there were similar improvements in mean ODI scores at final follow-up in the instrumented and noninstrumented groups. In the instrumented group, mean ODI score improved from 83 points (range, 72-94 points) preoperatively to 43 points (range, 21-58 points) postoperatively. In the noninstrumented group, mean ODI score improved from 85 points (range, 70-92 points) preoperatively to 46 points (range, 61-84 points) postoperatively ( Table 2) . Therefore, there was no difference in mean ODI score improvement between the 2 groups (40 vs 39 points, respectively; P=.81).
Female patients and patients undergoing reoperation had less improvement in ODI scores. Male patients' ODI scores improved by a mean of 57 points, whereas female patients' ODI scores improved by a mean of only 5 points (P=.001). The reoperation group only improved 9 points, whereas the patients who did not require a second surgery improved 45 points (P=.001) ( Table 2) .
Overall, 24% (n=8) of patients had an excellent radiographic result, 29% (n=10) had a good result, 32% (n=11) had a fair result, and 15% (n=5) had a poor result ( Table 3) . When the outcomes were substratified between instrumented and noninstrumented patients, there was no significant difference in the number of patients who had achieved excellent or good results (52% vs 54%, respectively; P=.88). The incidence of severe ASD was the same for both the first and second adjacent cranial segments. Eleven (32%) patients showed evidence of severe ASD at the first adjacent cranial level and 11 showed evidence of severe ASD at the following level. The mean grade was 1.9 at the first level and 2 at the second level. n Feature Article
There was a linear correlation between the mean length of follow-up and the presence of ASD. The mean followup period was 18 years for those with an excellent result, 21 years for those with a good result, 23 years for those with a fair result, and 25 years for those with a poor result. When outcomes were substratified based on patient demographics, mean age of patients at the time of surgery with fair or poor results was 44 years (range, 29-57 years), compared with 40 years (range, 27-55 years) for patients with good or excellent results (P=.09). Female patients had inferior results compared with males (P=.002). Of the 9 females in this study, 5 (56%) had a fair result, 3 (33%) had a poor result, 1 (11%) had a good result, and 0 had an excellent result (Table 4) . Hence, there were no females without radiographic evidence of ASD.
The instrumented and noninstrumented cohorts were well matched with regard to preoperative lumbar lordosis (35° vs 33°). However, there were no differences the improvement of preoperative lumbar lordosis or in the maintenance of postoperative lordosis in the instrumented and noninstrumented cohorts (P>.62). No correlation was seen between the immediate postoperative lordosis and the radiographic outcomes with respect to ASD. Patients with excellent or good radiographic outcomes had a mean immediate postoperative lordosis of 46.5°, with an average loss of 1.5° over time. For those with a fair or poor outcome, mean immediate postoperative lordosis was 45.5°, with an average loss of 2.3° over time. However, when examining sex, female patients had significant loss of postoperative lordosis over time compared with male patients (7° vs 1°; P=.01). . 11 Managing degenerative lumbar stenosis in a cost-effective way is a challenge. Therefore, for the particular scenario of degenerative lumbar stenosis that requires a laminectomy and facetectomy, is instrumentation necessary, and does it improve clinical and radiographic outcomes? In the current study, the authors sought to evaluate the clinical and radiographic outcomes and reoperation rate in patients who had undergone a wide lumbar laminectomy, facetectomy, and posterolateral arthrodesis in an attempt to identify potential contributing factors for the overall outcomes.
The study has several limitations, including a small sample size and an unequal number of males and females. The retrospective nature of the study could have introduced selection biases. For example, the noninstrumented cases were performed earlier in the study. Also, the authors used a nonvalidated grading system for ASD and correlation with clinical outcomes. In addition, the cohort was not sex-matched, which could have introduced biases. However, the authors believe the outcomes are valuable because no previous study has compared the long-term clinical and radiographic outcomes of instrumented and noninstrumented posterolateral lumbar fusions for laminectomy/facetectomy surgeries. When the authors examined the improvement of lumbar lordosis and maintenance of postoperative lumbar lordosis, there was no difference between the noninstrumented and instrumented cases. Although one might expect that the use of instrumentation would enhance the maintenance of lordosis, there are 2 possible explanations for why this was not found. In this study, either Luque wire constructs, Texas Scottish Rite Hospital (TSRH) instrumentation, or AO plates were used ( Table 5 ). These forms of instrumentation are inferior to modern-day pedicle screw/ rod constructs. For example, Luque wires and TSRH hooks provide only posterior column fixation, whereas modern pedicle screws provide nearly 3-column support. Furthermore, global sagittal or coronal imbalance was an exclusion criterion of the study. Surgery was for lumbar stenosis requiring a wide decompression. In these cases with minor flatback deformity and lumbar stenosis, it is theorized that the flatback was largely postural in nature to alleviate the lumbar stenosis. Therefore, by removing the compressing pathology with a wide decompression, the postural flatback improves. So in this particular scenario, instrumentation may not be necessary to improve and maintain lumbar lordosis.
The authors found no correlation between the original postoperative lordosis and the incidence of ASD. This is concordant with the findings of several authors. 9, 10, [12] [13] [14] [15] [16] However, in a study addressing sagittal alignment and ASD in 83 patients, Kumar et al 17 found the lowest incidence of ASD in patients with normal alignment and the highest in patients who had alterations in the C7 plumb line. Their study highlights the fact that the global sagittal balance of the spine may be a more important factor than the degree of lumbar lordosis itself.
The incidence of postoperative radiographic ASD after fusion has been reported to be variable, ranging from 5.2% to 100%. 13 The current study showed that 50% of patients had moderate to severe ASD at one or both adjacent cephalad levels, which is consistent with the literature. [13] [14] [15] [17] [18] [19] The authors found that the mean ASD grade for each first or second cranial segment was similar (2.0 for the first and 1.9 for the second). In this study, longer follow-up was associated with a higher incidence of ASD. This finding may indicate that postoperative ASD is a progression of the preoperative spinal pathology and/or a consequence of altered biomechanics of a fusion. 9, [12] [13] [14] 17, 19, 20 One of the most important findings of this study was the disproportionate number of fair and poor radiographic results in females. Female sex is considered to be a potential risk factor for ASD. 13 Etebar and Cahill 19 noted a large difference between males and females; out of a study population of 125 patients, a total of 18 developed symptomatic ASD. Fifteen of these cases were postmenopausal females. 19 Theoretically, osteoporosis could have led to the inferior maintenance of lumbar lordosis and clinical outcomes seen in the fe- Revision of original surgery. male cohort of the study. However, dualenergy X-ray absorptiometry scans were not routinely ordered at latest follow-up. Not only were the radiographic outcomes similar between the instrumented and noninstrumented cohorts, but the improvement in ODI scores was also similar. This is in agreement with Katz et al, 21 whose retrospective review of 272 patients treated for lumbar degenerative stenosis showed that the noninstrumented fusion group had better relief of back pain at 6 months and 2 years compared with the instrumented fusion group. Despite the noninstrumented cases in the current study having a lengthier follow-up period, they maintained good clinical and radiographic outcomes.
conclusion
A noninstrumented fusion is an effective surgical option for degenerative lumbar stenosis where a wide laminectomy and bilateral partial facetectomy are required. Postoperative lumbar lordosis was not found to be correlated with a longterm incidence of ASD. Longer follow-up appears to be a risk factor for development of ASD and may be a consequence of disease progression or altered biomechanics. Adjacent segmental degeneration is as likely as not to occur to a level requiring further surgery, whether instrumented or in situ.
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